H. HOWELL.
[Professor of PhysioZogy, rohns Ho$kilts University.] T HE conditions controlling the circulation of blood in the brain are peculiar, and offer an intricate physical problem the solution of which has been attempted from an experimental as well as from a purely theoretical standpoint.
The fact that the brain is contained within a rigid box that does not permit free expansion of the organ, has led some authors to assume that dilatation of its arteries, however produced, is not followed by an increased flow of blood, as is usual in other organs, but on the contrary, under certain conditions at least, by a lessened flow.
Thus, Geigel l has held upon theoretical grounds that dilatation of the arteries of the brain is accompanied by a compression of the capillaries, owing to the fact that the expansion of the arteries causes an increase in intracranial pressure that is transmitted to the capillaries. Upon this view, therefore, dilatation of the arteries, whether produced through vaso-dilator nerve fibres or by a rise in general arterial pressure, should be followed by a lessened flow of blood through the brain, and z&e WKW.
Grashey 2 in his well-known treatise upon the hydro-statics and hydro-dynamics of the cerebral circulation has also admitted a similar possibility.
Grashey assumes that intracranial pressure depends upon two conditions, namely, the volume of the cerebra-spinal liquid and the amount of arterial pressure.
Dilatation of the arteries must lead to an increased intracranial pressure, and this being transmitted through the brain substance acts upon the part of the circulation where the intravascular pressure is least, that is, the cerebral veins. Inasmuch as the pressure within the capillaries is greater than in the veins, an increase of intracranial pressure should affect the veins and not the capillaries, as Geigel assumed.
Moreover, Grashey emphasizes a fact that other authors seem sometimes to overlook, namely, that the sinuses of the brain are probably entirely protected from any direct influence of intracranial pressure by their tense and inextensible covering of dura mater.
From his theoretical standpoint Grashey concludes that an increase in arterial pressure causes a greater flow of blood through the brain up to a certain limit only.
So soon as intracranial pressure is raised by the expansion of the arteries to such an extent as to cause occlusion of the cerebral veins, the volume of blood circulating through the brain is diminished.
There follows under these circumstances what Grashey calls a vibration of the veins.
The occlusion of the veins by the intracranial pressure is overcome by the consequent rise of static pressure transmitted through the capillaries, and this in turn is followed by occlusion as the pressure in the patent veins falls, and so on.
A similar view has been held by other authors who have treated 1 the subject from a theoretical standpoint, and by some of those who have investigated the matter experimentally. The differences of opinion seem to be mainly as to the level of arterial pressure at which an obstruction to the blood-flow occurs, whether it falls within the range of normal variations of pressure or is reached only under extraordinary conditions.
This admission appears to be of the nature of a theoretical concession to the recognized peculiarities of the cerebral circulation, and it is of interest to inquire how far it is supported by actual experiments.
The simple and direct method of solving the problem is to measure the outflow of venous blood from the brain under different conditions of arterial pressure. This method has been employed by a number of authors with results which seem to be uniform and quite opposed to the conclusion obtained from a theoretical consideration alone. The experiments carried out by Gaertner and Wagner,3 and since practically repeated by Hayliss and Hill, " Hill and Nabarro, 5 Reiner and Schnitzler 6 and others, have shown conclusively that the flow of blood through the brain is increased as the general blood pressure is raised. Even maximal blood pressures produced by the action of strychnine or absinthe give only an increased outflow from the cerebral veins with no indication of even a temporary slowing. While these experiments of blood pressure, so far as have it can
shown Quite conclusively that a rise be produced by the normal regulating mechanisms of the circulation, fails to produce the condition of a diminished blood-flow as demanded by theory, it is held by some of the authors quoted that if the arterial pressure be still further increased, a point must be reached at which, owing to the compression of the cerebral veins, a permanent or temporary diminution of bloodflow will result. Thus Hill 7 says, " It is, however, possible that a verv 4 sudden and abnormally high rise of arterial pressure should so expand the arteries at the base of the brain as to temporarily The movements of the tube as it filled with blood were recorded upon a kymographion upon which also a time record in seconds was taken simultaneously.
As the movement downward of the test tube was constant and could be calibrated beforehand, data were obtained for calculating exactly the volume and the velocity of the outflow from the brain.
In performing an experiment two reservoirs were connected with the inflow cannulas; one of these was placed at a sub-normal level of from 30 to 60 mm. of mercury, while the other was at a height sufficient to cause a pressure of from 300 to 500 mm. Hg. The pinchcocks connected with the lower reservoir were first opened and the rate of flow was determined at this level. This pressure was then changed suddenly to the higher level by opening the pinchcock connected with the upper reservoir and closing the one on the tubing from the lower reservoir. The pressure was then brought back to the original amount by again making connections with the lower reservoir. The experiment was usually repeated a number of times. So long as the pressure was kept low, the rate of out-flow remained constant or nearly constant for some time, but exposure to the very high pressures brought about quickly an ozdematous condition of the brain which diminished markedly the total outflow or might even suppress it entirely when the arterial pressure was subsequently lowered.
The direct results of the sudden change from sub-normal to supranormal blood pressures were, however, the same in all cases; the venous outflow was increased at once to a proportional amount, and there was never any indication on the record of even a temporary blocking of the flow through the brain. The circulation through the brain under these conditions behaves in fact precisely as it does in the other organs of the body that are not enclosed in rigid cases.
The nature of the results obtained are indicated by the accompanying figures (Figs. I and 2) which are reproduced from the curves of two of the experiments. Examples of the actual amounts of outflow as calculated from the records are as follows : -Exp. I. Small dog -bIed to death -blood defibrinated (140 c.c.) and mixed with equal volumes of normal saline and Kinger's solution to make 4 litres. Inflow cannulas placed in the vertebrals, outflow cannulas in the superior cerebral veins just at their emergence from the skull. 3. Large dog -bled to death from the carotids. For irrigating used freshly defibrinated blood of youn, c calves filtered first through a single layer of muslin and then through four layers of the same. Inflow cannulas in the vertebrals, outflow cannulas in the superior cerebral veins at their emergence from the skull. Mercury manometers were also connected with the torcular and with the sub-dural space at the parietal eminence through trephine holes in the skull. The want of correspondence between the intracerebral and torcular pressures was evidently due to the brain being forced into the trephine hole in the case of the former, thus blocking off the manometer.
Ex-.
4. Small dog -bled to death from carotid.
Irrigation liquid was blood of young calves carefully filtered. This blood had been kept over night and had frozen. This fact probably accounts for the unusually rapid diminution in flow as the experiment proceeded, t;he red corpuscles not passing readily through the capillaries and clog@ ng them. Inflow cannulas in the subclavians, ligatures being so placed as to leave an open path only to the vertebrals ; outflow cannulas in the superior cerebral veins at their emergence from the skull. The time record at the top of the illustration is in seconds.
It is evident from the data given that in all the experiments made, the blc~~ti-flow throt~gh the braill diminished as the experiment p-wccedcd, and this cEkct was most marked after the blood tlesscls had been sybmittcd to very high presswes. The experiments of this character made upon human skulls were 5 not successful owing mainly to the fact that the skulls were obtained from cadavers used in the dissecting room, and the dura mater was so altered as to strip away easily from the bone. In the human skull also there is very great difficulty in getting the catheter through the internal jugular into the transverse sinus owing to the curvature of the channel.
In the dog's skull the main difficulty lies in the fact that the transverse sinus throughout most of its extent lies in the bone, only a small portion of it near the torcular having a membranous wall.
In other animals, such as the calf and sheep, the transverse sinuses have bony walls throughout their entire course. Another difficulty consists in the fact that the openings of the cerebral veins into the sinuses, particularly into the superior longitudinal sinus, are protected by dura mater so as to remain patent after washing out the brain, and thus make a free channel of communication between the skull cavity and the system of sinuses.
This difficulty can be obviated by trephining into the torcular and closing off the sinuses with the exception of the transverse sinus used in the experiment. Still another obstacle is found in the fact that water will filter through the dura mater under high pressures, but the rise of pressure in the sinuses thus produced is gradual and quite different from the sudden rise which would occur if the walls of the sinus were compressed by a quick increase of pressure in the skull cavity.
In one experiment of this kind made upon the dog's skull -and in which subsequent dissection showed that the bag upon the end of the catheter lay properly in the membranous portion of the sinus, it was found that an increase in pressure within the skull up to 500 mm. of mercury caused not the slightest change in the level of the manometer connected with the catheter. This seemed to show quite positi.vely that the membranous transverse sinus cannot be compressed by intracranial high as 500 mm. of mercury.
Unfortunately corrobor experiment walls of the press ,ative ures as results could not be obtained upon the more favorable human skull owing to lack of appropriate material. But to the author's mind at least the anatomical structure of the sinuses and the physical characteristics of their walls are sufficiently conclusive in showing that normal or supra-normal variations in intracranial pressure cannot affect the calibre of these channels, particularly when we remember that the system of cerebral veins opening into the sinuses offers a relatively very low resistance to compression. As between the cerebral veins and the cerebral capillaries the lower internal pressure prevailing within the former would seem to ensure that a general rise of intracranial pressure must affect the veins first.
With every increase in arterial pressure there is a tendency to the expansion of the cerebral arteries, but this expansion is only possible when a corresponding amount of liquid is forced out of the brain, the substance of the brain itself being practically incompressible. A clearer understanding of the conditions in the brain has led most authors to believe that room for a sudden expansion of the arteries is made in one of two ways, either by forcing out the cerebra-spinal liquid into the spinal cavity, or by a corresponding compression of the cerebral veins.
With regard to the former of these two possibilities exact evidence is lacking of the extent to which it can compensate for arterial expansion, but the facts in our possession would seem to indicate that it plays a minor part.
Hill has called attention to the fact that normally the quantity of liquid in the sub-dural and sub-,arachnoid spaces is very small, and that under moderate expansion this is expressed into the spinal canal, where room is made for it by expansion of the vertebral ligaments and the possibilities of leakage through the sheaths of the spinal nerves.
With a further increase of arterial pressure expansion becomes impossible unless there is a corresponding compression on the venous side, and, as we have seen, this compression should affect first the smaller cerebral veins. That compression of these veins happens even before the cerebrospinal liquid is entirely expressed seems to be proved by the occurrence of a pulse in the cerebral veins coincident with the arterial pulse. This venous pulse has been noticed by a number of authors.
I have also observed and recorded it a number of times both in the outflow from the superior cerebral veins and from the torcular Herophili. It would seem that this pulse can be accounted for in one of two ways only.
It is caused by a wave of pressure transmitted through the capillaries, or it results from a compression of the veins following upon arterial expansion.
In the former case there should be a measurable interval between the time of appearance of the pulse in the circle of Willis and in the efferent veins ; in the latter case the pulse should be practically simultaneous in the arteries and veins. To determine this point I have made simultaneous records of the pulse in the arteries and veins.
The arterial pulse was measured in the circle of Willis by means of a Hiirthle spring manometer connected with the head end of the internal carotid; the venous pulse was recorded by a delicate manometer constructed on the principle of PV. Xi? Howedd.
a Hiirthle membrane manometer and connected with the torcular Herophili.
This connection was made by means of a brass tube screwed into a trephine hole made into the torcular and filled with sodium carbonate solution.
A specimen of the record thus obtained is given in the accompanying illustration.
FIG. 3. Simultaneous
record of the pulse wave in the torcular and in the circle of Willis (through the internal carotid). The upper curve records the pulse in the torcular, the lower that in the circle of Willis.
It was found that the two pulse waves occurred nearly simultaneously. and that in cases in which any difference in time was detectable the venous pulse slightly preceded the arterial pulse, the maximum difference in extreme cases being as much as 0.01 of a second. This difference is sufficiently accounted for by the stretch of elastic artery (internal carotid) extending from the circle of Willis to the point in the neck where the arterial manometer was inserted.
These experiments seem to indicate that the venous pulse is not transmitted through the capillaries, but is due to a positive wave of pressure transmitted through the brain substance by the expanding arteries.
This being the case it follows n fortiori that a greater general expansion of the arteries of the brain following upon a large rise of arterial pressure should be accompanied by a corresponding compression of the veins. This is the view that Grashey and others have taken, and that has led them to the apparently logical conclusion that a large rise of arterial pressure should result in a compression of the veins sufficient to occlude them temporarily and thus diminish the volume of the bloodflow. The experiments recorded in this paper, however, show that this conclusion is not justifiable. The venous outflow is not impeded even temporarily by a sudden rise of arterial pressure as great as 500mm. of mercury.
It remains for us to explain therefore this apparent discrepancy.
Granting fully that expansion of the arteries causes at once a rise of intracranial pressure sufficient to compress the veins, the fact that the blood-flow is not thereby momentarily impeded may be explained by two considerations. If it is found experimentally that a sudden great rise of arterial pressure causes an injurious effect upon the brain, this result cannot be attributed to the direct production of a temporary cerebral anemia. We can imagine that under these conditions the functional activity of' the brain might be interfered with for one of two reasons. It is possible, in the first place, that the resulting rise of intracranial pressure might affect the brain tissues directly; or, secondly, a rapid accumulation of lymph might take place within the brain, which, for a time, would impede the blood-flow, particularly after arterial pressure had again fallen. There is not much probability, however, that this latter effect could occur. Bergmann 9 found that injecting defibrinated blood at high pressures mm. Hg.) into the cerebral vessels of a horse caused no distinct increase in the lymph-flow, and several observers have shown that in other organs arterial hyperzmia alone is not necessarily followed by an increased formation of lymph.
